A new bacteriocin produced by Aerococcus viridans was purified. Bacteria grown on liquid medium synthesized a bacteriocin, viridicin, which can be extracted from the cells by treatment with 0.86 M NaCl solution. Viridicin production was not induced by ultraviolet irradiation or by treatment with mitomycin C. The bacteriocin was purified by ultrafiltration, gel filtration, and preparative polyacrylamide disc gel electrophoresis. The molecular weight was between 100,000 and 120,000. The purified viridicin was homogeneous on polyacrylamide gel electrophoresis. The viridicin was composed of protein, carbohydrate, and lipid.
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Bacteriocins are high-molecular-weight bactericidal substances which are synthesized by many bacteria. The specificity of their action and their nature distinguish them from most of the classical antibiotics. It has been well established over the years that various strains of most species of bacteria produce these inhibitory substances (8, 14, 22, 23) .
Intensive work has been done on the bacteriocins of gram-negative bacteria, the best studied of which are the colicins (8, 19, 20) .
A recent review reported the physiochemical properties of some gram-positive bacterial bacteriocins (23) .
The bacteriocins produced by the gram-positive species are less well known than those of gram-negative species, and many concepts drawn from studies on colicins are not consistent with results obtained with the gram-positive organisms.
Recently, we showed that the gram-positive bacterium Aerococcus viridans synthesizes a bacteriocin that we have called viridicin (1) .
A crude preparation of this macromolecule was not inactived by heating for 1 hour at 50°C and was sensitive to the action of protease, lipase, and catalase. Bacteriocin activity was not suppressed by trypsin, chymotrypsin, lysozyme, a-amylase, phospholipase C, lipase, f-glucuron- Bacteriocin assay. The bacteriocin assay used here has been described in detail by us (2) . The determination of the antibiotic activity is done by comparison of the inhibition response given by the bacteriocin with the inhibition observed with the penicillin G used as a reference. The comparison of both responses was made on solid medium. Thus, a unit of antibiotic activity is defined as the quantity of antibiotic substance which gave the same inhibition zone as 0.33 pnol of penicillin G. The specific activity of any extract containing the viridicin is equal to the number of units per milligram (dry weight). The dry weight was obtained from a portion of an extract solution extensively dialyzed against distilled water and dried at 120°C.
Polyacrylamide gel electrophoresis was performed by the methods described by Ornstein (21) and Davis (5) . Gels (7%) in tris(hydroxymethyl)aminomethane (Tris)-glycine buffer (pH 8.6) were used; 5 mA was applied per tube (diameter, 5 mm) at room temperature. Proteins were stained with Coomassie brilliant blue R250 (10) , and carbohydrates were identified by the method of the periodic acid-Schiff reaction as described by Zacharius et al. (24) . A 10-to 100-jig amount of protein contained in 10 to 50 1L of buffer solution was applied to each gel. The antibiotic activity was identified by the procedure of Jetten et al. (16) , which consists of embedding a gel in 40 ml of Trypticase soy agar, above which a second layer of 10 ml of Trypticase soy agar containing S. epidermidis was overlaid. After 24 h of incubation at 37°C, the inhibition zone was observed at the site of antibiotic location.
Induction. (i) Mitomycin C. A 100-ml amount of Aerococcus culture was used, and when the number of bacteria was 1 x 108 to 2 x 108 cells per ml, mitomycin C was added at a final concentration of 0.1, 0.5, or 1 jig per ml. After 30 min, the cells were harvested by centrifugation and incubated at 37°C for 24 h. Cells were centrifuged (39,000 x g, 15 min), and the supernatant fluid and the pellet were tested for antibiotic production.
(ii) UV irradiation. Induetion by ultraviolet (UV) irradiation was performed with an UV lamp (MP 15 No significant increase of viridicin production was found to be induced by UV irradiation or by treatment with mitomycin C.
Extraction of viridicin. A 300-g amount of cells was resuspended in 1 liter of Tris-hydrochloride buffer (pH 8.1) containing 5% NaCl and stirred overnight at 4°C. After this treatment the cells were centrifuged at 39,000 x g for 15 min in a Sorvall RC-2B centrifuge. About 80% of the antibiotic activity was found in the supernatant. The treatment was repeated two or three times. All the supernatants were filtered through membranes of 0.45 pm, and the filtrate was called "crude extract."
When the cells were treated more than three times a catalase activity sometimes appeared in the supernatant. This catalase activity disturbed the antibiotic activity measurements by inhibiting the activity of the viridicin. However, the catalase activity can be easily separated from antibiotic activity by gel filtration on Ultrogel AcA 34 (Fig. 1) .
Viridicin could be also extracted from broken cells of A. viridans by sonication with a sonic oscillator (Raytheon model DF 101). However, considerable high-molecular-weight substances are released by this treatment and this greatly increases the difficulty of the purification.
For purification of the viridicin, 3 8.9 ). The elution fluid was Tris-hydrochloride buffer (pH 8.1). Twenty milliamperes was applied to the column of polyacrylamide gel. Each of the collected fractions (7 ml) was tested for antibiotic activity (Fig. 2) . A big peak of proteins was eluted first, and the antibiotic activity was eluted later as one peak. The antibiotic peak showed no absorption at 280 rm. The active fractions were pooled, dialyzed, and concentrated by ultrafiltration. This substance was designated as the purified viridicin.
The results of this purification are summarized in Table 2 procedures also increased specific activity, but with poor recovery with respect to the purification scheme chosen.
Polyacrylamide gel electrophoresis. Polyacrylamide gel electrophoresis at pH 8.6 was used as a criterion of homogeneity of the purified viridicin. An unambiguous zone of antibiosis was observed exactly at the same place as a large band of protein (Fig. 3) Bacteriocins produced by other gram-positive bacteria have reportedly been found both in the supernatant fluid and in the cell pellet of the culture (16) The viridicin was not found, to any significant extent, in the supernatant fluid. The antibiotic activity was found mainly in the cell pellet. The bacteriocin could be extracted from the cells with a 5% NaCl solution or released from cells after mechanical cell breakage. Staphylococcin 1580, colicin E2, and colicin E3 can also be obtained by extraction with a NaCl solution (13, 15) .
The viridicin production could not be increased by UV irradiation or treatment with mitomycin C. This agrees with the results obtained for other bacteriocins of gram-positive bacteria (3, 6, 9, 12) .
By gel filtration, viridicin seems to have a molecular weight of about 100,000 to 120,000. However, this molecular weight cannot be estimated exactly by polyacrylamide gel techniques since the bacteriocin is a molecule more complex than that of protein. The viridicin is homogeneous on polyacrylamide gel electrophoresis. Specific stains show that the molecule is a glycoprotein. Moreover, we have shown earlier (1) that lipase inhibits the viridicin activity, indicating that a lipid seems to be associated with this glycoprotein. So it seems that the viridicin has the complex structure of a lipoglycoprotein. This is in good agreement with the structures which have been recently shown for many bacteriocins isolated from gram-positive bacteria (9, 11, 15, 17) .
